Abstract: Possibility to improve plantlet regeneration from Abies alba Mill. open-pollinated families of 4 trees in Dobroč primeval and 3 trees in managed forest was studied. Immature zygotic embryos were cultured in order to obtain initiation of embryogenic tissue. Totally, three from the families of the managed forest (57%) and two from the primeval families (50%) responded to initiation condition. Initiation frequencies among families ranged in managed forest: 4.5-56.2%, primeval: 5.4-16.8%. Maturation ability was shown by 77.3% of the primeval cell lines, 36.4% cell lines produced cotyledonary somatic embryos. In managed forest, in 62.5% of the cell lines embryo maturation was observed. Cotyledonary embryos developed only in 15% of cell lines. Regenerants were obtained from 9 cell lines of primeval and from 6 cell lines of managed forest. Biochemically, the mature somatic embryos were characterized by the variation in soluble and protein profiles. The corresponding profiles of insoluble proteins exhibited uniform pattern. The variation was characteristic for somatic embryos of individual cell lines rather than for the primeval and managed stands. Enzymatically, no indications were obtained supporting higher metabolic potential of somatic embryos derived from zygotic embryos of silver fir primeval stand than in somatic embryos originating from the trees of managed stand.
Introduction
The virgin forest of silver fir (Abies alba Mill.) in Dobroč is one of the three forests of the kind in Slovakia where silver for exhibits good vitality and growth. The proportion of the species in the forest is around 21.9% along with 57% proportion of Fagus sylvatica and with 18.4% proportion of Picea abies individuals (Saniga 1999 ). The developmental tendencies followed throughout the last three decades has however revealed a gradual decline of silver fir in the forest as evidenced by the 41.8% share of the species in 1978, 29.4% in 1998 and by the present figure of 21.9% proportion of silver fir individuals in the Dobroč virgin forest (Saniga & Klimaš 2004) . Except for structure, the production potential and regeneration processes in the forest have been followed as the most important indicators of the changing dynamics. It was shown that despite a regular seed crop of silver fir individuals in Dobroč the natural regeneration of the species is rather slow mainly because of grazing the seedlings by the wild animals. Under these circumstances there is an urgent need to develop a reproducible protocol for mass propagation of elite trees and conservation of primeval forest genetic resources. The attempt has therefore been made to study the potential for somatic embryogenesis in silver fir trees of the Dobroč primeval forest and also in the trees of the adjoining silver fir stand which is under management.
Material and methods

Plant material
Somatic embryogenesis was initiated from immature zygotic embryos of Abies alba Mill. In 2006, immature cones were collected in July 26th from open-pollinated (OP) families of 4 trees in Dobroč primeval and of 3 trees in adjoining managed forest. Cones were stored in paper pockets inside plastic bags at 4
• C for 3 days until immature seeds were dissected. Immature seeds were surface-sterilized for 10 min in 10% (v/v) H2O2.
Initiation of somatic embryogenesis
Megametophytes containing embryos were cultured on SH medium (Schenk & Hildebrandt 1972) supplemented with 1 g L −1 myo-inositol and casein hydrolysate, 500 mg L
sucrose and 3 g L −1 Phytagel. Eight explants were cultured in 100 mL Erlenmayer flask containing aproximately 25 mL media. Sixty to 132 explants were cultured per family, a total 500 megagametophytes inside with embryos were inoculated onto initiation medium. Cultures were maintained at 24
• C in the dark. Initiation of embryogenic suspensor mass (ESM) was evaluated every 7 days.
Eight or ten weeks after culture initiation, the megagametophytes showing extrusion of embryogenic suspensor mass (ESM) were transferred to fresh medium. Proliferating ESM were isolated from explants and subcultured biweekly.
Maturation
Maturation of somatic embryos was achieved culturing of ESM on modified MS medium (Murashige & Skoog 1962) supplemented with 40 g L −1 maltose, 100 g L −1 polyethylene glycol-4000 and 40 µM abscisic acid (± cis-trans, ABA). Maturation medium was solidified with 3 g L −1 Phytagel (Vooková & Kormuťák 2002a) . Phytagel and abscisic acid was added prior autoclaving. Five Petri dishes (60 × 15 mm) containing 300 mg of embryogenic tissue were used per treatment (per cell line). Cultures were maintained in the dark at 21-23
• C for 8-10 weeks. Experiments were repeated twice. After 8 weeks culturing on maturation medium somatic embryo maturation was obtained. Petri dishes with precotyledonary and cotyledonary embryos ("stage 3" as described by von Arnold & Hakman, 1988) were recorded for cell lines of the primeval and nurse forest family.
Germination
Cotyledonary somatic embryos were subjected to a partial desiccation during three weeks at 24
• C in the dark (Vooková et al. 1997 (Vooková et al. /1998 . Then were transferred to germination medium containing 1 /2-SH medium salts, SH vitamins, 100 mg L −1 myo-inositol, 10 g L −1 sucrose and 10 g L −1 activated charcoal. The medium was gelled with 3 g L −1 Phytagel. Embryos were cultured under light intensity of 110 µmol m −2 s −1 for 16 h per day.
Biochemical analysis
The amount of desiccated somatic embryos derived from individual trees and used in biochemical analyses has ranged between 0.05 g and 0.1 g. For the purpose of SDSelectrophoresis the material was homogenized in a mortar using 2 mL of TRIS-glycine buffer (10 mM TRIS, 8 mM glycine), pH 8.2 containing 2% of NaCl. The homogenate was left for 30 min at 4
• C, 2-3 times stirred and then centrifuged at 20000 g and 4
• C for 20 min. The obtained supernatant was used as a source of soluble proteins. The sedimented debris were re-extracted with twofold volume of Tris-glycine buffer, pH 8.2 and centrifuged at 20000 g and 10
• C for 20 min. The obtained supernatant was discarded whereas the sediment was extracted with equal volume of both Tris-glycine buffer, pH 8.2 containing 2% NaCl and 62 mM TRIS-HCl buffer, pH 6.8 containing 22.5% (v/v) mercaproethanol, 10.7% (v/v) glycerol and 3.05 % (w/v) SDS. The homogenate was boiled for 8 min. and then centrifuged at 20000 g and 10
• C for 20 min. The supernatant was used as a source of insoluble proteins. SDS-PAGE was done according to Laemmli (1970) .
For the purpose of isoenzyme analysis, the material was extracted in 1.5 mL of 100 mM TRIS-HCl buffer, pH 8.3, containing 5 mM cysteine-HCl, 5 mM Na2EDTA, 500 mM sucrose and 0.5% (w/v) polyvinylpyrrolidone. The crude homogenate was centrifuged for 15 min. at 20000 g and 4
• C. The supernatant was dialyzed through a Sephadex G-25 coarse column and then used as a source of enzymes.
Isoenzyme composition was analyzed by polyacrylamide disc electrophoresis as described originally by Ornstein & Davis (1960) and modified by Frič (1971) . Isoperoxidases were visualized using saturated benzidine solution and 1.7% H2O2 in 100 mM sodium acetate buffer, pH 4.6. Isoesterases were stained in 100 mM sodium phosphate buffer, pH 6.0 containing 5 mg of each Fast Blue RR and α-naphtylacetate in 100 mL volume.
Results and discussion
After 21 to 67 days of culturing the embryogenic suspensor masses initiation was observed from micropylar end of some megagametophytes (Fig. 1A) . Embryogenic tissue containing early somatic embryos (Fig. 1B) was initiated on explants from 71.4% of the studied families. Totaly five families responsed to initiation condition, three from four families (57%) of the managed forest and two from four families ( 50%) of the primeval families. Initiation frequencies among OP families ranged from 4.5-56.2% (managed forest: 4.5-56.2%, primeval: 5.4-16.8%). Only one family of the managed forest (OL2) was superior to all the other families. Expressive differences among other families of managed or primeval stand were not observed. To our knowledge, the 56.2% frequency of ESM formation in Abies alba have not been achieved elsewhere. Until now the highest induction frequency in Abies, 63.5% was reported in A. cilicica (Vooková & Kormuťák 2002b) . Altogether, 64 embryogenic lines were established from 500 explants (20 primeval + 24 managed forests). However, great variation in the percentage of embryogenic line establishment was observed, depending on the OP family (Fig. 2) . Family of the managed forest OL2 was superior to all the other families. Expressive differences among other families of managed or primeval forest were not observed. These results indicate that initiation of somatic embryogenesis was affected by genotype which is in conformity with previous findings in other Abies species (Vooková & Kormuťák 2002b) and in different conifer species (Cheliak & Klimaszewska 1991; Klimaszewska et al. 2001; Miguel et al. 2004 ). Schuller et al. (1989) reached an ESM frequency of 22.5% with A. alba immature embryos, Nørgaard & Krogstrup (1991) achieved ESM frequency approximately 33% from immature and 40% from mature (Nørgaard & Krogstrup, 1995) A. nordmanniana embryos. The ESM induction fromA.numidica immature somatic embryos was low -6.8% (Vooková & Kormuťák 2002b) . In A. alba hybrids, Gajdošová et al. (1995) found 37.9% induction frequency. The induction frequency -44.6% was reported in A. alba × A. numidica hybrid (Salajová et al. 1996) .
After 8 weeks culturing on maturation medium cotyledonary somatic embryos were obtained (Fig. 1C) . Data from the maturation experiments performed with embryogenic cell lines established from each seed family are given in Table 1 . Of the 22 embryogenic cell lines established (two didnt proliferated) from 2 primeval families and screened for somatic embryo maturation, In nurse forest, 40 embryogenic lines representing 3 families were screened for somatic embryo maturation. Total, in 25 cell lines (62.5%) embryo maturation was observed. The embryos developed to cotyledonary stage only in 6 cell lines (15%). In embryogenic cultures of conifers, the somatic embryo maturation showed interaction with cytological and morphological features of early stage somatic embryos. Only cultures containing well-developed somatic embryos gave mature embryos capable of plantlet regeneration (Egertsdotter & von Arnold 1995; Ramarosandra et al. 1999; Salajová & Salaj 2005) . Mature cotyledonary embryos were converted into emblings from 9 cell lines of Dobroč primeval and from 6 cell lines of managed forest (Fig. 1D) . It was considered that germination of somatic embryos is more dependent on embryo quality rather than on genotype (Miguel et al. 2004 ).
Biochemical characteristics SDS-profiles of both soluble and insoluble proteins of somatic embryos derived from individual trees of the virgin and managed forests of silver fir were similar but not identical. Among soluble proteins, the main storage protein of 42 kDa size along with the low molecular weight proteins of 6.5 kDa and 3.4 kDa size were uniformly expressed in all the 10 trees compared (Fig. 3A) . The variation observed so far concerned predominantly the high molecular weight protein fractions with size ranging between 42 kDa and 212 kDa, to some degree also the proteins with molecular size around 40 kDa. As far as the low molecular weight proteins are concerned, the absence of the protein fraction with molecular size around 10 kDa in somatic embryos of some trees was the most conspicuous. This variation was observed among somatic embryos of the trees in both virgin and managed stands. Stability of the 42 kDa protein in embryos follows from its storage function as the most important storage reserve in seeds of conifers which is utilized during seed germination and seedling growth (Hakman et al. 1990 , Flinn et al. 1991 . It is reasonable to suppose that the low molecular weight proteins of 6.5 kDa and 3.4 kDa sizes belong to the category of late embryogenesis abundant proteins (LEA) that are synthesized at the late stages of embryogenesis and which protect embryos during desiccation and from precocious germination (Zimmerman 1993; Misra 1994) . The variable protein fractions are probably emzymatically active proteins reflecting differences in metabolic activity of somatic embryos in individual trees. Contrary to soluble proteins, the SDS-profiles of insoluble proteins exhibited a high degree of identity in somatic embryos derived from individual trees with the most prominent protein fractions being those of 26 kDa and 37 kDa size (Fig. 3B) . Most probably, these proteins represent structural proteins associated with membranes and ribosomes (Bewley & Black 1985) .
Like in soluble proteins, the variation between somatic embryos originating from individual trees has also been observed at the isoenzyme level. Isoperoxidase patterns involved as many as 1 isoperoxidase in tree no. 6 and 7 isoperoxidases in tree no. 7 (Fig. 4A) . No distinction could be made between somatic embryos derived from the trees of virgin and managed stands of silver fir. The same is true of the isoesterase patterns the composition of which reflects the genotype of individual somatic embryos rather than the virgin or managed nature of the respective mother trees.
In summary, somatic embryogenesis seems to be convenient supplementary tool for in vitro conservation of primeval forest genetic resources and/or for preservation of elite trees of silver fir by micropropagation. The results of this study indicate that embryogenic potential of immature zygotic embryos is independent on stands but dependent on genotype. Also biochemically, no differences were found between somatic embryos derived from zygotic embryos of silver fir primeval stand and somatic embryos originating from the trees of managed stand.
